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Abstract
Introduction Various vaccines for protection against COVID-19 were provided emergency approval in late 2020 to early 
2021. There is a scarcity of long-term safety data for many of these.
Objective The main aim of this study is to provide the one-year safety results of the ChAdOx1-nCoV-19/AZD1222 vaccine 
and determine the risk factors of adverse events of special interest (AESIs) and persistent AESIs.
Methods This was a prospective observational study conducted from February 2021 to April 2022 in a tertiary hospital in 
North India and its two associated centers. Health care workers, other frontline workers, and the elderly vaccinated with 
the ChAdOx1-nCoV-19 vaccine constituted the study population. Individuals were contacted telephonically at pre-decided 
intervals for one year and health issues of significant concern were recorded. Atypical adverse events developing after a 
booster dose of the COVID-19 vaccine were assessed. Regression analysis was conducted to determine risk factors of AESI 
occurrence and determinants of AESIs persisting for at least one month at the time of final telephonic contact.
Results Of 1650 individuals enrolled, 1520 could be assessed at one-year post-vaccination. COVID-19 occurred in 44.1% 
of participants. Dengue occurred in 8% of participants. The majority of the AESIs belonged to the  MedDRA® SOC of mus-
culoskeletal disorders (3.7% of 1520). Arthropathy (knee joint involvement) was the most common individual AESI (1.7%). 
Endocrinal disorders such as thyroid abnormalities and metabolic disorders such as newly diagnosed diabetes developed in 
0.4% and 0.3% of individuals, respectively. Regression analysis showed females, individuals with a pre-vaccination history 
of COVID-19, diabetes, hypothyroidism, and arthropathy had 1.78-, 1.55-, 1.82-, 2.47- and 3.9-times higher odds of AESI 
development. Females and individuals with hypothyroidism were at 1.66- and 2.23-times higher risk of persistent AESIs. 
Individuals receiving the vaccine after COVID-19 were at 2.85- and 1.94 times higher risk of persistent AESIs compared, 
respectively, to individuals with no history of COVID-19 and individuals developing COVID-19 after the vaccine. Among 
participants receiving a booster dose of the COVID-19 vaccine (n = 185), 9.7% developed atypical adverse events of which 
urticaria and new-onset arthropathy were common.
Conclusion Nearly half of the ChAdOx1-nCoV-19 vaccine recipients developed COVID-19 over one year. Vigilance is war-
ranted for AESIs such as musculoskeletal disorders. Females, individuals with hypothyroidism, diabetes, and pre-vaccination 
history of COVID-19 are at higher risk of adverse events. Vaccines received after natural SARS-CoV-2 infection may increase 
the risk of persistence of adverse events. Sex and endocrinal differences and timing of the COVID-19 vaccine with respect 
to natural infection should be explored as determinants of AESIs in the future. Pathogenetic mechanisms of vaccine-related 
adverse events should be investigated along with comparisons with an unvaccinated arm to delineate the overall safety profile 
of COVID-19 vaccines.

Extended author information available on the last page of the article

http://crossmark.crossref.org/dialog/?doi=10.1007/s40264-023-01301-8&domain=pdf
http://orcid.org/0000-0001-7737-0016


554 U. Kaur et al.

Key Points 

Musculoskeletal disorders are commonly observed 
adverse events of special interest (AESIs) after 1 year of 
ChAdOx1-nCoV-19 vaccination.

Females and those with hypothyroidism are at greater 
risk of both AESIs and persistent AESIs following 
ChAdOx1-nCoV-19 vaccination.

Vaccination received after recovery from COVID-19 
is an independent risk factor of AESIs and persistent 
AESIs.

1 Introduction

In the fight against COVID-19, various vaccines based 
on novel and pre-existing platforms were developed at an 
unprecedented scale and granted emergency use authoriza-
tion (EUA) in late December 2020 to early January 2021. 
Among these, mRNA-based COVID-19 vaccines, and ade-
noviral vectored vaccines coding for the Spike protein of 
SARS-CoV-2 were largely employed in the USA and Euro-
pean nations [1, 2]. In India, ChAdOx1-nCoV-19 (COV-
ISHIELD, Serum Institute of India) based on the chimpan-
zee adenoviral platform of Oxford-AstraZeneca’s vaccine 
and the inactivated SARS-CoV-2 based vaccine, COVAXIN 
(Bharat Biotech) were the first to receive approval from the 
drug regulatory body for stepwise mass rollout [3]. The con-
trolled setting results of more than desired protection rates 
against COVID-19 and an acceptable short-term safety pro-
file were the basis of approval of these vaccines for public 
use. The performance of vaccines in the real world often 
varies from controlled settings and comprehensive assess-
ment of vaccine safety and performance can be ascertained 
through active monitoring of vaccinated individuals in the 
post-approval phase. The claims of excellent protection rates 
against symptomatic COVID-19 have been challenged in 
the post-marketing period [4–6]. In addition, an upsurge of 
conditions such as autoimmune diseases, atypical thrombotic 
events, and cardiac complications in the post-vaccination 
period, is alerting researchers to conduct a thorough assess-
ment of the safety profile of COVID-19 vaccines [7–9]. 
Despite more than 18 months since emergency approval and 
close to 5 billion people vaccinated worldwide, long-term 
safety-specific data on most COVID-19 vaccines are not 
available in the public domain [10]. Here, in continuation of 
our first short-term real-world safety study on the ChAdOx1-
nCoV-19 vaccine, we provide the long-term safety data in 
vaccinated individuals over one year of follow-up.

2  Methods

2.1  Study Design and Participants

This was a prospective observational study conducted from 
February 2021 to April 2022 in a tertiary hospital in North 
India. In accordance with the Indian government’s poli-
cies of the mass rollout of COVID-19 vaccination, health 
care workers, other frontline workers, and  those aged ≥ 60 
years were the groups vaccinated on a priority basis in the 
first phase. Accordingly, the present study predominantly 
recruited health care and other frontline workers in the ini-
tial phase followed by the elderly during the last few days 
of enrollment. The details of the enrollment procedure have 
been already published [11]. The enrolled participants were 
contacted at pre-planned time periods, with a final follow-
up at 12 months following vaccination. A support telephone 
number was provided to participants to report any atypical 
health issues or COVID-19-related complaints. The prelimi-
nary findings of the study pertaining to adverse events fol-
lowing immunization (AEFIs) and the occurrence of break-
through COVID-19 during the first six months of follow-up 
have already been published [11, 12].

2.2  Safety Analysis

Adverse events following immunization (AEFIs) were the 
primary outcome, and COVID-19-specific details as well 
as long-term safety analysis in terms of adverse events of 
special interest (AESIs) were the secondary outcomes of 
interest. The preliminary results of AEFIs have already been 
published and the present study aims to provide insight into 
the AESIs [11]. The format for AESIs used in the study 
was based on the guiding document on AESIs by the CEPI-
SPEAC-Brighton Collaboration as well as the studies avail-
able in PubMed/Medline on atypical adverse events follow-
ing COVID-19 vaccination of any type from the period of 
January 2021 to January 2022 [13]. In addition, atypical 
adverse events notified by the study participants to the study 
staff at any time during the study period were also incor-
porated in the AESI format for final follow-up at one year. 
Apart from this, persistent adverse events defined by us as 
any health issue persisting for at least one month during the 
final follow-up were also recorded. The  MedDRA® termi-
nology was used for labelling system organ class (SOC) of 
AESIs and severity categorization of each AESI was done 
using the Food and Drug Administration (FDA) scale of 
severity of vaccine-related adverse events. Supplemen-
tary Table 1 shows the general guidance format used for 
obtaining information. Apart from general information, any 
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specific medical diagnosis made was enquired about, and 
medical records were requested for all cases of new diagno-
ses, deaths, or serious AESIs. However, providing records 
was at the discretion of participants.

2.3  Outcome Measures

The institute was affected by the pandemic of COVID-19 
during the second wave in India (February 2021–June 2021, 
with a peak in April 2021) and the third wave (December 
2021–March 2022). Data pertaining to COVID-19 during 
this period as well as during the intermediate time period 
were enquired about telephonically in accordance with the 
study protocol. The booster dose of the COVID-19 vaccine 
was initiated in the study center in the month of January 
2022. Information about the same was also enquired about as 
deemed suitable at the time of 1-year follow-up. COVID-19 
was categorized as ‘Confirm’ and ‘Suspect’ and the sever-
ity of COVID-19 was rated as per the investigators’ assess-
ment and in accordance with the recommendations of the 
MoHFW (Ministry of Health and Family Welfare, Govern-
ment of India). As defined previously, we also labeled cases 
as ‘RT-PCR negative suspects’ with symptomatology resem-
bling COVID-19 who tested negative on a single RT-PCR-
based test and in whom the RT-PCR test was not repeated 
[11, 12]. In view of a dengue epidemic that affected the 
region in the months of July–October 2021, the history of 
laboratory confirmed dengue was also enquired separately 
during the final follow-up. Any dengue that required hos-
pitalization with or without the need for intravenous fluids 
and with or without platelet transfusion was categorized as 
‘serious’. Among AESIs, we included new-onset rheuma-
tologic disorders, new-onset endocrinal disorders such as 
thyroid abnormalities, new-onset diabetes, cardiac disorders 
such as heart failure, myocardial infarction or myocarditis, 
nervous system disorders such as headaches and weakness in 
limbs, blood disorders such as thrombocytopenia, reproduc-
tive system disorders such as menstrual abnormalities and 
flares of underlying diseases such as diabetes, hypertension 
and arthropathy among others. To validate the findings of 
our previously published study highlighting the importance 
of the timing of the COVID-19 vaccine with respect to the 
occurrence of COVID-19 on persistent adverse events, indi-
viduals were categorized into three groups defined as follows 
[4].

Group A: Individuals with no history of COVID-19 until 
the last follow-up.

Group B: Individuals who received any dose of vaccine 
(first, second, or booster) after any episode of COVID-19.

Group C: Individuals with a history of COVID-19 after 
the vaccine but who did not receive any vaccine thereafter.

Individuals whose booster dose information was not 
available, and in whom this information was likely to change 
the categorization of patients in the above groups, were 
excluded from the analysis of the risk of persistent AESIs.

2.4  Sample Size

The sample size for the present study was based on the 
primary outcome of rates of AEFIs following COVID-19 
vaccination. Details of the study methodology, sample size, 
and preliminary results of safety analysis have already been 
published [11].

2.5  Statistical Analysis

Data were recorded as frequencies and percentages for cat-
egorical variables such as the occurrence of COVID-19 and 
dengue and the development of AESIs. Descriptive analysis 
of each AESI was performed. Bivariate analysis was done 
for the association between the occurrence of AESIs and co-
variates such as demographics, pre-existing co-morbidities, 
history of COVID-19 in 2020 (before vaccination), and his-
tory of COVID-19 in 2021 or 2022 (after vaccination). A 
separate association analysis was conducted to explore the 
differences in incidence and patterns of AESIs between three 
age subgroups (18–44 years, 45–59 years, and ≥ 60 years) 
as well as their relationship with dengue.

The chi-square test was also applied to ascertain the rela-
tionship between  risk of persistent AESIs and co-variates 
including the timing of vaccine with respect to COVID-19 
among others. Variables with p < 0.05 or those deemed clin-
ically relevant were incorporated in binary logistic regres-
sion analysis. The SPSS version 16 was used for performing 
statistical analysis.

3  Results

A total of 1650 individuals were enrolled in the study 
(Fig. 1). The baseline characteristics of the participants are 
provided in Supplementary Table 2. Median (Q1, Q3), age 
of participants was 35 (29, 47) years. Elderly patients aged ≥ 
60 years constituted around 8% (n = 133) of the study group. 
Hypertension and diabetes were the most common comor-
bidities, observed in 11.5% and 9.4% of participants respec-
tively. COVID-19 before vaccination was reported by 13.5%. 
As expected, a statistically significant, higher representation 
of co-morbidities such as hypertension, diabetes, and heart 
disease (p < 0.05) was observed in the elderly compared to 
individuals aged < 60 years (Supplementary Table 2). After 
excluding 125 participants who were lost to follow-up at the 
time of final follow-up, and 5 who died before June 2021, 
the remaining 1520 participants (including 115 elderly) were 
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assessed for the occurrence of AESIs (Fig. 1). Of the total 
1520, booster dose information that was likely to change the 
categorization of participants into three groups as defined 
earlier was missing for 48 participants. After removing these 
48, the remaining 1472 persons were analyzed for risk of 
persisting adverse outcomes (health events persisting for a 
minimum period of 4 weeks at the time of final follow-up 
at one year).

The occurrence of AEFIs and COVID-19 during the 
second wave of the pandemic has been already described 
and published [11, 12]. To briefly mention here, AEFIs 
occurred in 40% of individuals after the first dose with sys-
temic involvement (such as fever, headache, etc.) in 31%. 
Corresponding rates after the second dose were reduced to 
15.7% and 13.6%, respectively. Around 0.5% of individu-
als developed AEFIs of FDA grade 3 severity and 0.1% of 
individuals developed ‘serious’ AEFIs [11]. Nearly 27–46% 
of individuals receiving one or two doses of the ChAdOx1-
nCoV-19 developed COVID-19 during the second wave of 

the pandemic in India, which peaked in the month of April 
2021 in the study region [12].

Supplementary Table 3 describes in detail the occurrence 
of COVID-19 during the third wave of the pandemic, the 
occurrence of dengue, and the SOC-wise distribution of all 
AESIs. COVID-19 during the third wave of the pandemic 
occurred in 259 participants (17.0%) and was of ‘mild’ 
severity in the majority (95.4% of affected). COVID-19 
at any time post-vaccination occurred in 671 out of 1520 
(44.1%) participants. A more than 2 times higher risk of 
COVID-19 was observed in younger adults (aged 18–44 
years) compared to the elderly (aged ≥ 60 years) (Supple-
mentary Table 4). Interestingly, the occurrence of COVID-
19 during the 3rd wave of the pandemic was statistically 
more common in vaccinated individuals with a history of 
COVID-19 in the 2nd wave of the pandemic (Table 1c) 
(p = 0.001). Dengue occurred in 8% of individuals and of 
those affected, a serious form of dengue occurred in 19.7% 
individuals. Adverse events of special interest of any kind 
occurred in 210 participants (13.8%). Musculoskeletal 

Fig. 1  The STROBE flow 
diagram of the study. Of 1650 
vaccinees enrolled, data for 
730 (adverse events following 
immunization [AEFIs]) and 
1500 (occurrence of COVID-
19) have been already published 
(#). 125 participants were 
lost to follow-up at one year, 
and 5 participants died. 1520 
participants were analyzed for 
risk of AESIs. Among these, 
booster dose information likely 
to change classification into 
groups A, B, C were unavail-
able for 48 participants (*). 
AESIs persistent for at least one 
month at the time of one year 
follow-up were assessed in 1472 
individuals
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Table 1  Risk factors of AESIs

1a: Bivariate analysis for risk factors of AESI occurrence; 1b: Regression analysis for risk factors of AESI 
occurrence; 1c: Association between COVID–19 during 3rd wave of pandemic and COVID–19 during 2nd 
wave of pandemic #Details of the patients completing the initial 2-month follow-up published and can be 
accessed online at https:// doi. org/ 10. 1002/ jmv. 27320
AESIs adverse events of special interest, BMI body mass index
*Not known for 1 participant. Statistically significant values are marked in bold.

1a N = 1520 1b N = 1520

Tentative risk factors N AESIs, n (%) p value aOR (CI) p value

Age (years) 0.029 1.06 (0.74–1.50) 0.76
 < 40 950 117 (12.3)
 ≥ 40 570 93 (16.3)

Sex <0.001 1.78 (1.30–2.45) <0.001
 Female 484 97 (20)
 Male (reference) 1036 113 (10.9)

BMI (kg/m2)* 0.39
 < 25 837 107 (12.8)
 ≥ 25 682 103 (15.1)

Diabetes mellitus <0.001 1.82 (1.11–2.97) 0.01
 Yes 136 33 (24.3)
 No (reference) 1384 177 (12.8)

Hypertension 0.003 1.29 (0.79–2.11) 0.29
 Yes 169 36 (21.3)
 No 1351 174 (12.9)

Arthropathy 0.007 3.9 (1.01–15.08) 0.04
 Yes 10 5 (50)
 No (reference) 1510 205 (13.6)

Allergy 0.18
 Yes 143 25 (17.5)
 No 1377 185 (13.4)

Heart disease 0.008 1.97 (0.78–4.97) 0.15
 Yes 25 8 (32)
 No 1495 202 (13.5)

Pre-vaccination COVID-19 (in 2020) 0.057 1.55 (1.03–2.32) 0.03
 Yes 211 38 (18)
 No (reference) 1309 172 (13.1)

Lung disease 0.98
 Yes 43 6 (14)
 No 1477 204 (13.8)

Hypothyroidism <0.001 2.47 (1.36–4.49) 0.003
 Yes 59 21 (35.6)
 No (reference) 1461 189 (12.9)

Post-vaccination COVID-19 (in 2021 
or 2022) before AESIs

0.29 1.14 (0.84–1.55) 0.39

 Yes 651 97 (14.9)
 No 869 113 (13)

1c
COVID-19 during 2nd wave of pan-

demic (February–June 2021)#
COVID-19 during 3rd wave (December 2021–April 2022)

 Yes (503) 109 (21.7) 0.001
 No (1017) 150 (14.7)

https://doi.org/10.1002/jmv.27320
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and connective tissue disorders (MCTDs) were commonly 
reported AESIs (57, 3.7% of all participants) predominated 
by complaints of arthropathy (54, 3.5%). The knee joint (n = 
26, 1.7% of participants) and lower back (n = 12, 0.8%) were 
the commonly affected sites of arthropathy. Outcome-wise, 
the majority of the vaccinees with new-onset arthropathy 
reported persisting joint pain at one year of follow-up (48, 
3.1% of participants) with a median (Q1, Q3) duration of 
symptoms of 120 days (86.2, 180). Next to MCTDs, were 
general disorders (32, 2.1%) and infections and infestations 
(32, 2.1%). New-onset hypertension, thyroid abnormali-
ties, and newly diagnosed diabetes developed in 13 (0.9%), 
6 (0.4%), and 5 (0.3%) individuals, respectively. Serious 
AESIs other than mortality belonged to diverse SOCs and 
occurred in 14 individuals (0.9%), as shown in Supplemen-
tary Table 3. Among the serious AESIs, three miscarriages 
and five serious cardiac events were reported. Details of the 
remaining individual serious AESIs are mentioned in Sup-
plementary Table 3. A total of 5 persons died during the first 
four months of follow-up (Supplementary Table 5).

3.1  Determinants of Individuals at Risk of AESIs

In unadjusted analysis (Table 1a), AESIs occurred com-
monly in individuals aged ≥ 40 years, females, and individu-
als with diabetes, hypertension, arthropathy, heart disease, 
or hypothyroidism. Pre-vaccination history of COVID-19 
(in the first wave of 2020) also shared a positive associa-
tion with the occurrence of AESIs although the statistical 
significance was marginal (p = 0.057). No significant asso-
ciation was observed between AESIs and a history of post-
vaccination COVID-19 (p = 0.29).

After adjusting for potential confounders, regression anal-
ysis showed a statistically significant 1.78-, 1.82- 2.47-, and 
3.9-times higher odds of occurrence of AESIs in females, 
individuals with diabetes, hypothyroidism, and arthropathy, 
respectively, with respect to comparators (Table 1b). Vac-
cines received after having had an episode of COVID-19 in 
the year 2020 were associated with 1.55-times higher odds 
of AESI development compared to individuals with no pre-
vaccination history of COVID-19. Post-vaccination COVID-
19 (in the years 2021 and 2022) was not associated with any 
risk of AESI development.

3.2  Association Between AESIs, Age Subgroups, 
and Dengue

A separate association analysis was performed for AESIs 
and a history of dengue. Although a significant association 
existed between the occurrence of any AESI and dengue, 
except for flares of underlying disease, no other AESI shared 
a statistically significant association with dengue (Supple-
mentary Table 4). Owing to the lack of information about 

the onset of AESIs with respect to dengue, dengue could not 
be incorporated further in the regression model of determi-
nants of AESIs.

No statistically significant difference was observed in the 
incidence of AESIs in age subgroups of 18–44 years, 45–59 
years, and ≥ 60 years. Individually, flares of underlying dis-
eases were more than 3-times more common in the elderly 
(aged ≥ 60 years) compared to young adults (aged 18–44 
years) with statistical significance (Supplementary Table 4). 
No significant difference was observed for the incidence of 
remaining AESIs in different age subgroups.

3.3  Determinants of Individuals at Risk 
of Persistent AESIs

Of 210 individuals developing AESIs, 153 complained of 
persistent AESIs. Median (Q1, Q3) duration of persistence 
of AESIs was 120 days (60, 180). In unadjusted analysis, a 
statistically significant association of persistent AESIs was 
noticed with age, sex, body mass index, diabetes, hyperten-
sion, heart disease, prior arthropathy, and hypothyroidism. 
Timing of vaccine with respect to COVID-19 also shared 
a statistically significant association (Table  2a). After 
adjusting for covariates, regression analysis highlighted a 
statistically significant 1.66- and 2.23-times higher odds of 
persistence of AESIs in females and individuals with hypo-
thyroidism. With marginal statistical significance, 2.32- 
and 3.41-times higher odds of persistence of AESIs were 
observed in individuals with pre-existing heart disease and 
arthropathy. An interesting association was observed with 
the timing of the vaccine received with respect to COVID-
19. Receiving any dose of the COVID-19 vaccine after any 
prior history of COVID-19 was associated with 1.94-times 
higher odds of persistence of AESIs compared to COVID-19 
occurring after receipt of any dose of the COVID-19 vac-
cine. Compared to vaccinees who did not develop COVID-
19, individuals receiving the COVID-19 vaccine after any 
COVID-19 of the past were observed to be at 2.85-times 
higher odds of persistence of AESIs with statistical signifi-
cance (Table 2b). No association was seen between persis-
tence of AESIs and dengue.

3.4  Adverse Events After Booster Dose of COVID‑19 
Vaccine

Until the last follow-up, 185 participants had received the 
booster dose of COVID-19 vaccines. Of these, 18 vaccinees 
reported significant adverse events, giving an adverse event 
rate of 9.7%. Urticaria and new-onset arthropathy were the 
common adverse events in this subset (details in Supple-
mentary Table 6).
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Table 2  Unadjusted and adjusted risk factors of persistence of AESIs

2a: Association between persistent AESIs and risk factors; 2b Regression analysis of risk factors of persistent AESIs
AESIs adverse events of special interest, BMI body mass index, aOR adjusted odds ratio, CI confidence interval
*BMI Not known for 1 participant. Statistically significant values are marked in bold.

2a [N = 1472] 2b [N = 1472]

Tentative risk factors N Persistent 
AESIs, n (%)

p value Tentative risk factors aOR (CI) p value

Age (years) 0.001 Age (years) 1.37 (0.91-2.06) 0.13
 < 40 931 78 (8.4)  ≥ 40
 ≥ 40 541 75 (13.9)  < 40 (reference)

Sex < 0.001 Sex 1.66 (1.15–2.40) 0.007
 Male 998 82 (8.2)  Female
 Female 474 71 (15)  Male (reference)

Body mass index (kg/m2)* 0.048 Body mass index (kg/m2) 1.3 (0.91–1.86) 0.14
 < 25 819 71 (8.7)  ≥ 25
 ≥ 25 652 82 (12.6)  < 25 (reference)

Hypertension < 0.001 Hypertension 1.38 (0.80–2.37) 0.25
 Yes 159 31 (19.5)  Yes
 No 1313 122 (9.3)  No (reference)

Heart disease 0.003 Heart disease 2.32 (0.90–6.01) 0.08
 Yes 25 8 (32)  Yes
 No 1447 145 (10)  No (reference)

Diabetes mellitus < 0.001 Diabetes mellitus 1.5 (0.86–2.65) 0.15
 Yes 127 25 (19.7)  Yes
 No 1345 128 (9.5)  No (reference)

Arthropathy 0.014 Arthropathy 3.41 (0.81–14.36) 0.09
 Yes 10 4 (40)  Yes
 No 1462 149 (10.2)  No (reference)

Allergy 0.56
 Yes 135 16 (11.9)
 No 1337 137 (10.2)

Hypothyroidism < 0.001 Hypothyroidism 2.23 (1.15–4.32) 0.02
 Yes 59 17 (28.8)  Yes
 No 1413 136 (9.6)  No (reference)

Lung disease 0.79
 Yes 42 5 (11.9)
 No 1430 148 (10.3)

Dengue 0.43 Dengue 1.08 (0.59–1.98) 0.79
 Yes 120 15 (12.5)  Yes
 No 1352 138 (10.2)  No (reference)

Timing of vaccine in relation to COVID-19 Timing of vaccine in relation to COVID-19
 No COVID-19 (Group A) 730 54 (7.4) < 0.001  Group B

 Group C (reference)
 1.94
(1.24–3.02)

0.003

 Vaccine after COVID-19
(Group B)

288 54 (18.8)  Group C
 Group A (reference)

 1.47
(0.95–2.27)

0.08

 COVID-19 after vaccine
(Group C)

454 45 (9.9)  Group B
 Group A (reference)

 2.85
(1.87–4.36)

< 0.001
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4  Discussion

Post-approval, the claims of high effectiveness of COVID-
19 vaccines against infection have been challenged by 
some studies with modest protection against the delta 
variant and limited protection against the omicron vari-
ant of SARS-CoV-2 being observed in the results of vari-
ous real-world studies [4, 5, 14–16]. Likewise, negative 
vaccine efficacy rates in select groups at certain intervals 
have been observed in exploratory outcomes of some 
controlled studies as well as in the findings of some real-
world studies [4, 6, 17, 18]. The post-approval phase also 
witnessed reports of atypical adverse events and AESIs. 
These included cases of vaccine-induced thrombosis and 
thrombocytopenia (VITT), new-onset cardiac events, 
flares, and new-onset of autoimmune phenomena such 
as rheumatoid arthritis, diabetes mellitus, Guillain Barre 
syndrome, and encephalitis [8, 9, 19–21]. Though passive 
reporting of AESIs is recommended by drug regulatory 
bodies to strengthen the safety profile of vaccines, spon-
taneous reporting rates are low mainly because of scanty 
awareness of AESIs and deficient knowledge of report-
ing, even among medical professionals. Actual estimates 
of AESIs can be calculated by active surveillance meth-
ods. A prospective cohort-based study involving vacci-
nated individuals is one of the preferred approaches. To 
fill the information gap, the present study was conducted 
to underline the long-term safety profile of the ChAdOx1 
nCoV-19 vaccine. Specifically, the study addressed the 
occurrence of COVID-19, dengue, and AESIs over one 
year of active monitoring of vaccinees.

Nearly one-third of our study participants developed 
COVID-19 during the 2nd wave and around 17% were 
affected during the 3rd wave of the pandemic. Close to 
44% of individuals developed COVID-19 at any time 
since vaccination and over one year of follow-up. That 
occurrence of COVID-19 in the third wave was common 
in participants with a history of COVID-19 in the second 
wave, suggests a need for understanding the genetic basis 
of predilection to SARS-CoV-2, as well as raises questions 
on the concept of longer hybrid immunity gained after 
natural infection in vaccinated individuals. The protec-
tive effect of primary or booster doses of the COVID-19 
vaccine against subsequent viral strains also needs a com-
prehensive assessment. Apart from COVID-19, dengue 
occurred in 8% of participants. With nearly 20% of the 
affected individuals developing dengue requiring hospi-
talization, future research involving an unvaccinated arm 
is needed for comparison and for generating pathogenetic 
hypotheses.

To our knowledge, no study has investigated the long-
term incidence of AESIs with COVID-19 vaccines. In the 
present study, disorders involving the musculoskeletal 

system largely predominated by arthropathy were the most 
common AESIs and occurred in close to 4% of partici-
pants. Pain in the knee joint followed by new-onset lower 
back pain were the most commonly observed arthropa-
thies. The joint problems were persistent in most partic-
ipants at the time of the last follow-up, with a median 
duration of persistence of four months. Flares of rheuma-
tologic conditions post-COVID-19 vaccination have been 
explored in various studies and a pooled rate of 7% has 
been documented with COVID-19 vaccines with rates as 
high as 14.4% with the ChAdOx1-nCoV-19 vaccine [22, 
23]. The majority of the flares have been reported within 
1–2 weeks of receiving the vaccine and the long-term 
effect of vaccines in patients with underlying musculoskel-
etal disorders still remains unexplored. Events belonging 
to the SOC of ‘general disorders and administration site 
conditions’ and ‘infections and infestations’ were the other 
commonly reported health issues. Weakness and persis-
tent fatigability were the most common events reported 
among the general disorders, and typhoid and recurrent 
viral upper respiratory tract infections were commonly 
reported non-COVID-19, non-dengue infections. Among 
other rare and atypical adverse events, new-onset hyper-
tension, thyroid function abnormalities, and new-onset 
diabetes were reported. In the absence of data on baseline 
incidence rates in the study population, the possibility of 
many new-onset conditions being chance events cannot be 
ruled out. However, considering a probable autoimmune 
etiology of many of the AESIs, especially rheumatologi-
cal and thyroid-related conditions, further research may 
be warranted into whether the ChAdOx1 vaccine may 
act as a potential trigger [24]. To our knowledge, stud-
ies assessing the long-term safety of COVID-19 vaccines 
in an active surveillance design are lacking in the public 
domain. However, case series and reports of flares and 
new-onset musculoskeletal, neurological, and endocrinal 
abnormalities have been reported post-COVID-19 vac-
cination, commonly after mRNA-based and adenoviral 
vectored vaccines [7, 25, 26]. The pathogenesis of these 
adverse events needs to be elucidated but has been hypoth-
esized to be related to molecular mimicry. The S protein 
of SARS-CoV-2 and anti-Spike antibodies generated in 
response to vaccination have been shown to cross-react 
with multiple host tissue antigens such as mitochondrial 
protein M2, actin, and thyroid peroxidase, among others 
[24]. Bystander activation of dormant T cells to active T 
cells and stimulation of innate immunity by the cytokines 
produced in response to adenoviral entry into host cells are 
other proposed mechanisms of immune-mediated inflam-
matory conditions post-COVID-19 vaccination [27].

Fourteen participants in our study (0.9 %) developed 
adverse events classified as ‘serious’, some of which have 
been published in the preliminary analyses of the study, 
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and as part of other ongoing work [4, 11, 12]. A total of 
5 deaths were reported, one of which occurred in an adult 
male with diabetes because of sepsis and encephalopathy 
(both doses received), and the remaining deaths occurred 
in the elderly. Of the latter, one elderly male had aggrava-
tion of pre-existing congestive heart failure within hours 
of vaccination, followed by a stroke event and weeks later 
by COVID-19 (single dose received). One death occurred 
because of cardiac arrest in an individual with pre-exist-
ing diabetes and hypertension (both doses received), one 
because of cardiac arrest in an individual with underlying 
coronary artery disease after recovery from COVID-19 (sin-
gle dose received), and one possibly because of COVID-19 
itself (single dose received). The causality of death events 
could not be assessed due to the design of the study, nor 
could much inference be drawn due to the lack of comparator 
arm and background mortality statistics.

After adjusting for covariates, regression analysis showed 
close to 2 times higher odds of occurrence of AESIs in 
females and individuals with diabetes and nearly 2.5 times 
higher odds of AESIs in individuals with hypothyroidism. 
In our previously published work, female sex and history 
of hypothyroidism were projected as risk factors of adverse 
events following immunization (AEFIs) with the ChAdOx1-
nCoV-19 vaccine [11]. Understanding the hormonal and 
sex-related differences in the occurrence of adverse events 
following COVID-19 vaccines is of interest considering 
common trends between AEFIs and AESIs. Another inter-
esting positive association of AESIs was observed with the 
pre-vaccination history of COVID-19. As we previously 
suggested, guidelines need to be revisited with regard to 
vaccinating individuals who have recovered from COVID-
19 [4].

An adjusted analysis was also performed to determine 
individuals at risk of persistent AESIs. Close to 1.6-times 
and 2.2-times higher risk was observed in females and indi-
viduals with hypothyroidism. Though pre-existing heart 
disease and arthropathy were also associated with a higher 
risk of persistent AESIs, relevant conclusions cannot be 
drawn at present because of the poor overall representation 
of these co-morbidities in the study sample. Validating the 
findings of our recently published study, an interesting link 
was observed between individuals with persistent AESIs 
and the timing of the COVID-19 vaccine. Any dose of the 
vaccine received after recovery from COVID-19 was associ-
ated with higher odds of persistent AESIs compared to both 
COVID-19 occurring after vaccination, and not developing 
any COVID-19 until the last follow-up.

Close to 10% of individuals receiving the booster dose 
developed adverse events of concern. Cutaneous conditions 
and new-onset arthropathy were commonly reported in this 
subset. Although the number of individuals receiving the 
booster dose until the last follow-up was small, detailed safety 

studies should be conducted to delineate the safety profile of 
booster doses.

4.1  Limitations

The study was based on vaccinated individuals and data on 
events such as third wave of COVID-19, dengue, and AESIs 
need to be compared with an unvaccinated population, which 
may be difficult to obtain considering that most of the Indian 
population is vaccinated. Individuals with co-morbidities rep-
resented a small sample and results may not be generalized to 
these groups. With this being a telephonic study, a detailed 
evaluation of many AESIs was not possible. Also, the study 
being observational with the last two follow-ups conducted 
at six-month intervals, information such as the exact onset of 
AESIs without laboratory workup, is expected to be affected 
by recall bias. However, medical records were obtained elec-
tronically for the majority of the diagnosed and serious cases 
of AESIs. Although the exact time of onset of AESIs could not 
be verified due to recall bias, the occurrence of each AESI was 
enquired about with respect to the time of COVID-19 post-
vaccination. However, the onset of AESIs was not assessed 
with respect to the time of dengue as the majority of the AESIs 
occurred in the overlap period with dengue. Although a sta-
tistically significant association existed between dengue and 
AESIs, a lack of information about the exact onset of AESIs 
with respect to dengue resulted in the failure to include dengue 
as an independent predictor in the regression model. These 
shortcomings should be addressed in the future to understand 
the possible causal role of dengue in the onset of post-vacci-
nation AESIs. However, except for flares of underlying dis-
ease, no other individual AESI shared a statistically significant 
association with dengue. Another limitation of most long-term 
safety studies is the inability to perform causality assessment 
in the absence of a comparator arm. Further, the safety-related 
data are specific to ChAdOx1-nCoV-19 and cannot be gen-
eralized to mRNA vaccines and inactivated vaccines. Only a 
small number of individuals had received booster doses until 
the last contact and a larger population needs to be recruited to 
understand the safety profile of boosters. Further, among par-
ticipants receiving booster doses, AESIs were usually reported 
within 2–3 weeks of the booster dose. As such, safety-related 
information might be inadequate or underreported for indi-
viduals contacted within days of receiving the boosters.

5  Conclusion

COVID-19 occurred in close to 44% individuals monitored 
for one year post-vaccination with the ChAdOx1-nCoV-19 
vaccine. Adverse events of special interest occurred com-
monly in females, individuals with hypothyroidism, dia-
betes, or a pre-vaccination history of COVID-19. Females 
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and individuals with hypothyroidism were also at high 
risk of persistent adverse events. Although the effect of 
COVID-19 on the persistence of AESIs cannot be under-
estimated, vaccines received after COVID-19 were asso-
ciated with two times the risk of persistence of adverse 
events compared to vaccine received before COVID-
19. Among AESIs, caution is advised particularly for 
arthropathy, recurrent viral infections, and severe forms 
of dengue. The sex-related and hormonal differences in 
the occurrence of COVID-19 vaccine-related adverse 
events should be explored in the future. With considerable 
rates of breakthrough COVID-19 and non-modest rates 
of AESIs in the vaccinated, blanket recommendations on 
mass vaccination need strategic reconsideration. Females, 
individuals with co-morbidities such as hypothyroidism, 
and those with a history of COVID-19 should be informed 
about the benefit of protection offered by vaccines as well 
as the risk of post-vaccination adverse events. An indi-
vidualized vaccination strategy rather than a further mass 
rollout may be a better alternative for public health safety.
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